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INTRODUCTION
There is increased pressure to cease physical cas-
tration of entire male pigs because of animal welfare 
considerations (Prunier et al., 2006). However, it is 
more efficient to leave the males entire as they have 
a better feed conversion and less subcutaneous fat 
deposition compared to physically castrated pigs, but 
the occurrence of boar taint, which can reduce eating 
quality, is an issue in some markets (Babol and Squires 
1995; Andersson et al., 1999; EFSA Scientific Panel on 
Animal Health and Welfare, 2004). Immunization of 
pigs against gonadotropin-releasing factor (GnRF; im-
munocastrates) is an alternative to physical castration. It 
allows the pig to grow as an entire male until the second 
immunization against GnRF and hence has positive ef-
fects on growth and carcass leanness. After the second-
ary immunization, any boar taint substances present 
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aBSTRaCT: Pigs immunized against gonadotro-
pin-releasing factor (GnRF) have increased carcass 
fatness compared to entire males; however, the timing 
of this increase in fatness after the second immuni-
zation against GnRF has not been determined. An 
experiment was conducted to identify and compare the 
growth performance, body composition, and physi-
ological changes in immunocastrated males (IC males) 
at different BW and feeding levels. A total of 64 pigs 
were used in a 2 × 2 × 2 factorial experiment with the 
treatments being 1) sex (entire males or IC males), 2) 
initial BW (45.9 kg [light] or 78.3 kg [heavy]), and 3) 
feeding regime (2.5 times maintenance [restricted] or 
ad libitum). The pigs were individually housed, and 
the diets were fed for 4 wk after the second immuni-
zation against GnRF until slaughter at either 68.4 kg 
BW (light) or 105.8 kg BW (heavy). Immunocastrated 
males on a restricted feed intake had a lower ADG com-
pared to entire males from d 15 to 28 and d 0 to 28 (P = 
0.011 and P = 0.011, respectively). Fat deposition was 
not affected by sex from d 0 to 14, but from d 15 to 28 
IC males deposited 45 g/d more fat than entire males 
(P = 0.025). Immunocastrated male pigs fed ad libitum 
deposited 87 g/d more fat from d 15 to 28 than entire 
males fed ad libitum (P = 0.036). However, there was 
no difference in fat deposition between IC males and 
entire males when feed intake was restricted from d 15 
to 28. Plasma urea nitrogen levels were greater in IC 
males compared to entire males from d 7 after the sec-
ond immunization against GnRF (P < 0.05 for d 7, 10, 
14, 21, and 28). Plasma concentrations of IGF-1 were 
lower for IC males compared to entire males on d 3, 7, 
10, and 28 (P < 0.05 for all days). The following con-
clusions were made: 1) when pigs are immunized at a 
light BW (50 kg) and/or are on a restricted feed intake, 
they have a reduced propensity to deposit fat; however, 
the restriction in feed intake adversely affects growth 
rate. 2) The majority of fat deposition for males immu-
nized at heavy BW (80 kg) occurs from d 15 to 28 after 
the second immunization against GnRF.
Key words: body composition, feed restriction, growth performance, immunocastrates, pig
© 2016 American Society of Animal Science. All rights reserved.  J. Anim. Sci. 2016.94:3966–3977
 doi:10.2527/jas2016-0403
1The authors are appreciative of the funding provided by the 
Cooperative Research Centre for High Integrity Australian Pork.
2Aspects of this work have been published in abstract form as 
K. L. Moore, B. P. Mullan, J. C. Kim, and F. R. Dunshea. 2015. 
Immunization against gonadotrophin-releasing factor increases fat 
deposition in finisher pigs. Anim. Prod. Sci. 55:1472.
3Corresponding author: karen@klmconsulting.com.au
Received February 23, 2016.
Accepted July 1, 2016.
Published October 6, 2016
Feeding level in immunocastrated male pigs 3967
are progressively metabolized (Dunshea et al., 2001), 
although there is an increase in feed intake and back fat 
(Dunshea et al., 2001; Lealiifano et al., 2011; Moore et 
al., 2016). Several researchers have explored the effects 
of varying degrees of feed restriction on growth perfor-
mance, behavior, and metabolic parameters in pigs im-
munized against GnRF (Bauer et al., 2009; Batorek et 
al., 2012; Quiniou et al., 2012). However, none have ex-
plored the effect on body composition at different time 
points after the second immunization or whether this 
varies when the second immunization against GnRF is 
given at different BW. The objective of this experiment 
was to identify and compare the timing of changes in 
body composition and physiological changes in immu-
nocastrated (IC) males and entire males at different BW 
and feeding levels. The experiment also restricted feed 
intake to elucidate the effect that immunization against 
GnRF had on the body composition and physiological 
measures compared to the effect of increased feed in-
take. The hypotheses were that 1) light-weight pigs im-
munized against GnRF will have less fat and lean de-
position over time compared to pigs immunized against 
GnRF at a heavier weight and 2) pigs immunized against 
GnRF that receive feed ad libitum will have improved 
growth rates and increased body fat composition com-
pared to pigs that have a restricted feed intake.
maTeRIalS aND meThODS
The experimental protocol used was approved by the 
Department of Agriculture and Food Western Australia’s 
Animal Research Committee and by the Animal Ethics 
Committee (activity number 2-12-11). The animals were 
handled according to the Australian code of practice 
for the care and use of animals for scientific purposes 
(National Health and Medical Research Council, 2004).
A total of 64 (progeny of Large White × Landrace 
dams sired by Landrace × Duroc boars; Pig Improvement 
Company, Grong Grong, NSW, Australia) entire male 
and IC male pigs were used in this experiment. The ex-
periment was a 2 × 2 × 2 factorial with the main treat-
ments being 1) sex (entire males or IC males), 2) initial 
BW (45.9 kg [light] or 78.3 kg [heavy]), and 3) feeding 
regime (2.5 times maintenance [restricted] or ad libitum). 
Allocation and Housing
On d −26 (where d 0 is the commencement of the 
experimental diets and second immunization against 
GnRF), 32 entire male pigs at 26 ± 3 kg BW (mean ± 
SEM) and 32 entire male pigs at 51 ± 3 kg BW were 
sourced from a high health status commercial herd. 
Because of housing constraints the experiment was 
conducted in 2 batches of 32. Upon arrival the pigs 
were individually identified with ear tags, weighed, 
and stratified on their BW, with half the pigs from 
each weight group receiving a priming dose of anti-
gonadotropin-releasing factor immunological product 
(Improvac, Zoetis Australia, Rhodes, Australia). The 
pigs were group housed (7 pigs/pen) in a naturally ven-
tilated grower shed. They had ad libitum access to water 
and a commercial feed via a single space feeder.
On d −7 the pigs in each weight and priming dose 
group were stratified on BW and randomly allocated 
to a feeding regime. The pigs were then transferred to 
individual pens with a space allowance of 2.52 m2 in a 
naturally ventilated shed. Each pig had access to water 
via a nipple drinker.
Diets and Feeding Regime
On d 0 all pigs received the experimental diet, and 
the second dose of the anti-gonadotropin-releasing fac-
tor vaccine was given to the pigs that had received the 
priming dose. The entire males did not receive a place-
bo injection. Although the pigs were different weights 
and sexes and therefore had different requirements, all 
pigs received the same diet formulated to meet the re-
quirements of entire males at 50 kg BW as determined 
from Moore et al. (2013, 2016), ensuring that the mini-
mum requirements of all the pigs were adequately met. 
The composition of the experimental diet is given in 
Table 1. Feed samples were analyzed for quantita-
tive AA composition (Animal Health Laboratories, 
Department of Agriculture and Food Western Australia, 
South Perth, WA, Australia), and the results are given 
in Table 2. Maintenance requirements for those receiv-
ing the restricted treatment were determined weekly 
using the equation MEm (kJ/d) = 444 kJ × BW
0.75, 
where MEm = metabolic energy maintenance (NRC, 
1998). A level of 2.5 times maintenance was chosen 
to ensure that that the feed restriction was enough to 
elucidate the effect that the increase in feed intake of 
the IC males was having compared to the effect of the 
immunization against GnRF. The pigs on the restricted 
treatment received their ration once daily.
Growth Performance and  
Carcass Composition Assessment
Pigs were weighed weekly, and feed intake was de-
termined on d 0, 7, 14, 21, and 28 to measure ADG and 
ADFI. Gain-to-feed ratio was calculated on a weekly 
basis from when the feeding of the experimental diets 
commenced. Ultrasonic back fat depth, 65 mm from the 
dorsal midline at the head of the last rib, was measured 
on d 0, 14, and 28 using real-time ultrasound (Renco 
Lean-Meater, Renco, Minneapolis, MN).
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Dual-Energy X-Ray Absorptiometry Analysis
The pigs were scanned on d 0, 14, and 28 using du-
al-energy X-ray absorptiometry (DXa). The pigs were 
removed from feed and fasted for approximately 16 h 
before scanning. Immediately before scanning, the pigs 
were weighed and then transferred to the DXA facility. 
They were injected intramuscularly with Stresnil (aza-
perone 40 mg/mL, Stresnil Neuroleptic Injection for 
Pigs, Ausrichter Pty. Ltd., Newtown, NSW, Australia) 
at 2 mL/10 kg BW. When sufficiently sedated, the pigs 
were transferred to the DXA machine (Norland XR46 
Densitometer Machine, Norland Products Inc. Cranbury, 
NJ; Suster et al., 2003). The pigs were scanned in ven-
tral recumbency, with hind legs extended and forelegs 
positioned caudally. The whole-body mode was used 
to scan, and the scan was subsequently analyzed using 
whole-body analysis. Measurements made by DXA in-
cluded total tissue mass, lean tissue mass, fat tissue mass, 
and bone mineral content. After scanning, the pigs were 
placed in a recovery room until they were able to stand 
and were then returned to their pens. The pigs were given 
their respective diets on return to their individual pens.
Slaughter Procedure
Four weeks after the diets were introduced, the 
pigs were individually tattooed, removed from feed 
overnight, and transported to a commercial abattoir 
(approximately 90 min transport time). The pigs were 
stunned using a carbon dioxide, dip-lift stunner set at 
85% CO2 for 1.8 min (Butina, Holbaek, Denmark). 
Exsanguination, scalding, dehairing, and evisceration 
were performed using standard commercial proce-
dures. Hot carcass weight (AUSMEAT Trim 13; head 
off, fore trotters off, hind trotters on; AUS-MEAT Ltd., 
South Brisbane, Qld, Australia) and P2 back fat depth, 
65 mm from the dorsal midline at the head of the last 
rib (PorkScan Pty. Ltd., Canberra, Australia), were 
measured approximately 35 min after exsanguination, 
prior to chiller entry (2°C, airspeed 4 m/s).
Blood Analysis
Blood samples (20 mL in lithium heparin tubes) 
were collected from all pigs on d 0, 3, 7, 10, 14, 21, and 28 
prior to them receiving their daily ration. The blood sam-
ples were centrifuged at room temperature and 2,000 × g 
for 15 min to recover plasma and were stored at −20°C 
until analyzed. Plasma urea nitrogen (pUN) was quanti-
fied using a commercial kit (Olympus Kit catalog num-
ber OSR6134, ± 0.347 at 7.75 mmol/L). The assay was 
performed on an automated analyzer according to the 
Table 1. Composition of the experimental diet
Item Value
Ingredients, g/kg (as fed)
Barley 573
Wheat 100
Lupines, 32% CP 125
Canola meal, 36% CP 150













Total P, g/kg 7.12




SID Lys,4 g/MJ DE 0.59
1Phytase from Phyzyme, Danisco Australia Pty Ltd., Botany, NSW, 
Australia.
2Provided per kilogram of final diet: 7,000 IU vitamin A, 1,400 IU vi-
tamin D3, 20 g vitamin E, 1 g vitamin K, 1 g vitamin B1, 3 g vitamin B2, 
1.5 g vitamin B6, 15 mg vitamin B12, 12 g niacin, 10 mg pantothenic acid, 
0.19 g folic acid, 30 mg biotin, 10.6 g calcium pantothenate, 60 g iron, 
100 g zinc, 40 g manganese, 10 g copper, 0.2 g cobalt, 0.5 g iodine, 0.3 g 
selenium, and 20 g antioxidant.
3Calculated composition.
4SID: standardized ileal digestible lysine/MJ digestible energy.
Table 2. Quantitative AA analysis of the diets for each 
batch of feed











Aspartic acid 14.9 14.5
Glycine 8.90 9.50
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manufacturer’s instructions (Olympus AU400; Olympus 
UK Ltd., Hertfordshire, UK). Plasma urea (mmol/L) was 
converted to PUN (mg/dL) by dividing by 0.357. Plasma 
testosterone was measured using an extraction tritiated 
RIA. Coefficients of variation within and between as-
says were 4.6%. Insulin-like growth factor 1 was quanti-
fied using a commercial kit (Quantikine ELISA Human 
IGF-1; catalog number DG100/SG100; Bioscientific 
Pty. Ltd., Kirrawee, NSW, Australia). Coefficients of 
variation within and between assays were 12.6%. The 
detection range was 0.094 to 6 ng/mL. Growth hormone 
was determined with a Pig Growth Hormone ELISA kit 
(catalog number CSB-E06813p; Life Research Pty. Ltd., 
Scoresby,Vic, Australia). Coefficients of variation within 
and between assays were 11%. The detection range was 
2.5 to 100 ng/mL.
Statistical Analysis
General analysis of variance was performed with 
the GENSTAT 15 program (VSN International Ltd., 
Hemel Hempstead, UK) to analyze the main effects 
of sex, initial BW, and feeding regime on growth 
performance, carcass quality, and body composi-
tion. Repeated measures analysis of variance with the 
GENSTAT 17 program (VSN International Ltd.) was 
used to analyze the physiological measures. Batch was 
used as a block in the analysis. Data for PUN and tes-
tosterone were analyzed using square-root transforma-
tion to ensure model assumptions were not violated. A 
level of probability of less than 0.05 was used to deter-
mine statistical difference between the means. A level 
of probability of less than 0.1 but greater than 0.05 was 
determined to be a trend. Fisher’s protected LSD were 
used to determine differences among treatments.
ReSUlTS
There was a 9% difference in the analyzed Lys con-
centrations between the manufacture diets for batch 
1 and batch 2. Although this difference existed, it is 
within the permitted analytical variation of 20% for 
Lys analysis accepted by the Association of American 
Feed Control Officials (as cited in Shelton et al., 2011).
Growth Performance and Carcass Quality
The effects of sex, feeding regime, and initial BW 
on growth performance and carcass quality are shown in 
Table 3. Sex had no effect on ADG, ADFI, G:F, HCW, or 
dressing percentage (Dp) at any time period (P > 0.05).
Pigs with a restricted feed intake had lower ADG 
(P < 0.001), ADFI (P < 0.001), HCW (P < 0.001), DP 
(P = 0.023), and back fat (P < 0.001) compared to 
pigs fed ad libitum for all time periods. Gain-to-feed 
ratio was not affected by feeding regime at any time 
period (P > 0.05).
As intended, the light pigs had a lower BW on d 0 
(45.9 vs. 78.3 kg; P < 0.001), 14 (56.4 vs. 91.7 kg; P < 
0.001), and 28 (68.4 vs. 106 kg; P < 0.001) than the 
heavy pigs. They also had a lower ADG and ADFI for 
all time periods (P < 0.001). Light pigs had a better G:F 
from d 0 to 14 (P = 0.034) and d 0 to 28 (P = 0.012) 
than heavy pigs. Initial BW had no effect on G:F for d 
15 to 28 (P > 0.05). Hot carcass weight (P < 0.001), DP 
(P < 0.001), and P2 (P = 0.001) were all lower in the 
light-BW compared to the heavy-BW pigs.
Immunocastrated males with a restricted feed in-
take had a lower HCW than entire males on a restricted 
feed intake (P = 0.011). There were no differences in 
HCW between IC males and entire males when they 
were fed the diet ad libitum. From d 15 to 28 and from 
d 0 to 28 there was an interaction between feed intake 
and ADG, with restricted IC males having a lower ADG 
(−122 and −100 g/d, respectively) than entire males (P = 
0.011 and P = 0.011, respectively). There was no differ-
ence in ADG between IC males and entire males when 
the feed intake was ad libitum. Immunocastrated males 
fed ad libitum were also 2 mm fatter at the P2 site than 
entire males (P = 0.028; Fig. 1). There was no differ-
ence in back fat between IC males and entire males 
when feed intake was restricted.
When fed ad libitum, IC males ate 244 g/d more feed 
than entire males from d 15 to 28 (P = 0.048). There was 
no difference in feed intake between IC males and entire 
males when intake was restricted. When pigs were fed 
ad libitum, there was no difference in ADG for heavy- or 
light-BW pigs from d 15 to 28. However, light-BW pigs 
grew 233 g/d slower than heavy-BW pigs when feed in-
take was restricted (P = 0.039). There was also a larger 
difference in feed intake between ad libitum and restrict-
ed diets in the light-BW pigs compared to the heavy-BW 
pigs from d 15 to 28 (P = 0.038).
There was no difference in the change in ultrasound 
back fat for sex and feeding regime over any time pe-
riod (P > 0.05; Table 4). From d 15 to 28 and d 0 to 28 
light-BW pigs had a smaller increase in back fat depth 
compared to heavy-BW pigs (P = 0.041 and P < 0.001, 
respectively). There was a trend for light-BW pigs to 
have a smaller increase in back fat depth compared to 
heavy-BW pigs from d 0 to 14 (P = 0.096).
Body Composition
The effects of sex, feeding regime, and initial BW on 
tissue deposition are shown in Table 5. Lean deposition 
was not affected by sex for all time periods (P > 0.05). 
Fat deposition was not affected by sex from d 0 to 14, 
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but from d 15 to 28 IC males deposited 45 g/d more fat 
than entire males (P = 0.025). There was also a trend for 
IC males to have increased fat deposition over the entire 
period (P = 0.097). Sex had no effect on ash deposition 
or total tissue deposition for any time period (P > 0.05).
Pigs fed ad libitum had increased lean deposition, 
fat deposition, and total tissue deposition at all time 
periods compared to pigs whose feed intake was re-
stricted (P < 0.001 for all time periods). Ash deposi-
tion from d 0 to 14 (P > 0.05) was not affected by 
feeding regime, but from d 15 to 28 and from d 0 to 
28 ash deposition was lower in pigs that had restricted 
feed intake (P = 0.051 and P = 0.049, respectively).
As expected, the light-BW pigs had a reduced lean 
deposition, fat deposition, and total tissue deposition 
compared to the heavy-BW pigs for all time periods (P < 
0.05) except lean deposition during d 15 to 28 (P > 0.05). 
Ash deposition was not affected by initial BW (P > 0.05).
Table 3. The effect of sex, feeding regime (FR), and initial weight (BW) on ADG, ADFI, G:F, HCW, dressing 












Light BW Heavy BW Light BW Heavy BW Sex FR BW
ADG, kg/d
d 0–14 E 0.95 1.09 0.64 0.85 0.070 0.146  <0.001  <0.001
IC 0.87 1.12 0.54 0.78
d 15–28 E 0.96 1.11 0.693 0.99 0.084 0.787  <0.001  <0.001
IC 1.15 1.11 0.633 0.80
d 0–28 E 0.95 1.10 0.67 0.92 0.52 0.231  <0.001  <0.001
IC 1.01 1.12 0.59 0.79
ADFI, kg/d
d 0–14 E 2.38 3.13 1.55 2.27 0.164 0.416  <0.001  <0.001
IC 2.30 3.10 1.48 2.18
d 15–28 E 2.70 3.14 1.79 2.58 0.162 0.326  <0.001  <0.001
IC 2.97 3.36 1.74 2.46
d 0–28 E 2.54 3.14 1.67 2.42 0.135 0.923  <0.001  <0.001
IC 2.64 3.23 1.61 2.32
G:F
d 0–14 E 0.40 0.35 0.41 0.37 0.022 0.161 0.896 0.034
IC 0.38 0.36 0.36 0.34
d 15–28 E 0.36 0.35 0.39 0.38 0.021 0.200 0.721 0.073
IC 0.39 0.33 0.36 0.33
d 0–28 E 0.38 0.35 0.40 0.38 0.015 0.099 0.691 0.012
IC 0.39 0.35 0.36 0.34
Carcass characteristics
HCW, kg E 47.1 74.0 42.3 70.3 1.746 0.142  <0.001  <0.001
IC 48.7 74.3 40.3 65.2
DP, % E 65.1 67.7 65.6 66.6 1.088 0.620 0.159 0.001
IC 65.6 67.6 64.5 66.1
P2, mm E 8.12 10.6 7.25 10.25 0.990 0.109  <0.001  <0.001
IC 9.23 13.4 6.63 10.25
1E = entire male; IC = immunocastrated male.
2Standard error of the mean for sex × FR × BW.
3Significant interactions were sex × FR for ADG from d 15 to 28 (P = 0.011) and d 0 to 28 (P = 0.011), FR × BW for ADG from d 15 to 28 (P = 0.039), 
sex × FR for ADFI from d 15 to 28 (P = 0.048), and FR × BW for ADFI from d 15 to 28 (P = 0.038). All other interactions were not significant (P > 0.05).
Figure 1. The interaction between sex (entire male and immunocas-
trated [IC] male) and feeding regime on carcass P2 (P = 0.028).
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Table 4. The effect of sex, feeding regime (FR), and initial weight (BW) on change in ultrasound back fat depth 












Light BW Heavy BW Light BW Heavy BW Sex FR BW
d 0–14 E 1.00 1.59 0.75 1.75 0.765 0.918 0.177 0.096
IC 1.63 2.00 0.50 1.12
d 15–28 E 0.75 0.75 0.50 1.38 0.807 0.250 0.700 0.041
IC 1.00 2.12 0.38 1.75
 d 0–28 E 1.75 2.74 1.25 3.13 0.853 0.343 0.073  <0.001
IC 2.62 4.12 0.88 2.88
1Δ = change in P2 back fat.
2E = entire male; IC = immunocastrated male.
3Standard error of the mean for sex × FR × BW.
4There were no interactions (P > 0.05).
Table 5. The effect of sex, feeding regime (FR), and initial weight (BW) on whole-body tissue deposition as 












Light BW Heavy BW Light BW Heavy BW Sex FR BW
Lean deposition, g/d
d 0–14 E 747 887 467 679 54.9 0.566  <0.001  <0.001
IC 749 994 433 565
d 15–28 E 849 972 689 768 50.6 0.168  <0.001 0.650
IC 1,010 783 597 688
d 0–28 E 798 929 570 724 39.2 0.147  <0.001  <0.001
IC 852 863 515 627
Fat deposition, g/d
d 0–14 E 88.0 139 19.3 56.4 21.2 0.937 0.035  <0.001
IC 31.2 112 31.9 132
d 15–28 E 94.3 127 1.2 139 38.9 0.025  <0.001 0.002
IC 184 211 46.2 99.9
d 0–28 E 91.2 132 12.9 97.4 24.3 0.097  <0.001  <0.001
IC 92.8 162 39.2 122
Ash deposition, g/d
d 0–14 E 8.56 11.3 6.04 4.26 3.76 0.974 0.497 0.100
IC 4.27 8.72 5.13 12.3
d 15–28 E 9.34 12.4 9.39 8.78 2.82 0.516 0.051 0.430
IC 13.6 8.38 7.97 6.27
d 0–28 E 8.95 11.9 7.69 6.52 2.35 0.938 0.049 0.538
IC 10.2 8.55 6.55 9.36
Tissue deposition, g/d
d 0–14 E 844 1,037 492 740 82.4 0.757  <0.001  <0.001
IC 784 1,064 503 710
d 15–28 E 953 1,110 663 915 77.7 0.817  <0.001 0.041
IC 1,206 1,003 674 794
d 0–28 E 898 1,074 590 827 56.9 0.716  <0.001  <0.001
IC 996 1,034 561 758
1E = entire male; IC = immunocastrated male.
2Standard error of the mean for sex × FR × BW.
3Significant interactions were sex × BW (P = 0.022) and sex × FR × BW (P = 0.015) for lean deposition for d 15 to 28, sex × FR (P = 0.006) for fat 
deposition for d 0 to 14, sex × FR (P = 0.036) for fat deposition for d 15 to 28, and sex × BW (P = 0.003) and FR × BW (P = 0.010) for tissue deposition. 
All other interactions were not significant (P > 0.05).
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The heavy-BW IC males deposited 135 g/d less lean 
tissue than heavy-BW entire males during d 15 to 28 (P = 
0.022). There was no difference in lean tissue deposition 
between entire males and IC males in the light category. 
From d 15 to 28 entire males deposited 187 g/d more tis-
sue in the heavy-BW pigs compared to the light-BW pigs 
(P = 0.003). However, the total tissue deposition for IC 
males was the same irrespective of the initial BW.
From d 0 to 14, entire males with a restricted feed 
intake deposited 81 g/d less fat than when fed ad libitum 
during d 0 to 14 (P = 0.006). There was no difference 
in fat deposition for IC males fed either restrictively or 
ad libitum. Immunocastrated male pigs fed the diet ad 
libitum deposited 87 g/d more fat from d 15 to 28 com-
pared to entire males (P = 0.036; Fig. 2). There was no 
difference in fat deposition between IC males and entire 
males when feed intake was restricted.
Light-BW pigs receiving the diet ad libitum depos-
ited 87 g/d more fat than light-BW pigs with a restricted 
feed intake from d 0 to 28 (P = 0.003). There was no 
difference in fat deposition between heavy-BW pigs fed 
either restrictively or ad libitum. Heavy-BW pigs with a 
restricted feed intake deposited 168 g/d more tissue than 
light-BW pigs (P = 0.010). The total deposition for those 
fed ad libitum was the same irrespective of the initial BW.
There was an interaction between sex, feeding 
regime, and initial weight from d 15 to 28 for lean 
deposition. When the pigs were fed ad libitum, light-
BW IC male pigs deposited more lean than heavy-BW 
IC male pigs. However, when the feed was restricted, 
light-BW IC male pigs deposited less lean compared 
to the others (P = 0.015).
Physiological Measures
There was a time by sex interaction (P < 0.00) for 
PUN concentrations where there was no difference be-
tween entire males and IC males on d 0 and 3 but from 
d 7 onward IC males had greater PUN concentrations 
than entire males (Fig. 3). There was a time by feed inter-
action (P < 0.001) where pigs fed ad libitum had greater 
PUN concentrations than those on the restricted regime 
for all times except d 0, 14, and 28. On d 14 and 28 the 
pigs were off feed overnight prior to DXA scanning, 
which is the most likely explanation for the lack of differ-
ence in PUN concentrations between feeding regimes at 
these times. There was also a time by weight interaction 
(P < 0.001) where from d 10 onward PUN was greater in 
heavy-BW pigs compared to the light-BW pigs.
There was a time by sex interaction (P < 0.001) 
for testosterone concentration where there was no dif-
ference between IC males and entire males for plasma 
testosterone concentrations on d 0 and 3; however, 
from d 7 onward IC males had lower plasma testos-
terone concentrations than entire males (Fig. 4). There 
was a time by feed by sex interaction (P = 0.003) with 
entire male pigs fed ad libitum having greater plasma 
testosterone concentrations than entire male pigs fed 
restrictively on d 14 and 28.
Figure 3. Change in plasma urea nitrogen concentration over 28 d after the second immunization against gonadotropin-releasing factor (GnRF) for 
(a) entire males and (b) immunocastrated males (n = 8).
Figure 2. The interaction between sex (entire male and immunocas-
trated [IC] male) and feeding regime for fat deposition (g/d) from d 15 to 
28 (P = 0.036).
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Immunocastrated males had a lower IGF-1 con-
centration compared to entire males (P < 0.001; Fig. 5). 
There was a time by feed interaction (P = 0.010) where 
pigs fed ad libitum had a greater IGF-1 concentration 
on d 7 and 28 than pigs fed restrictively. There was 
also a time by weight interaction (P = 0.026) where 
heavy pigs had a greater IGF-1 concentration on d 3, 
7, 14, and 28 compared to light pigs.
There was a time by sex interaction (P = 0.004) for 
GH concentration where growth hormone was greater 
for entire males compared to IC males on d 10, 14, and 
21, but there was no difference between sexes on the 
other days (Fig. 6). Growth hormone concentration 
also decreased over time (P < 0.001). Heavy-BW pigs 
had an increased GH concentration compared to light-
BW pigs (P = 0.041). Feeding regime had no effect on 
GH (P > 0.05). Growth hormone concentrations for 
d 7 were not included because multiple values were 
outside of the expected range.
DISCUSSION
The hypothesis that light-BW pigs immunized 
against GnRF will have less fat and lean deposition over 
time compared to pigs immunized against GnRF at a 
heavier BW was supported. Immunization against GnRF 
at heavier BW resulted in an increase in fat deposition and 
a decrease in lean deposition. However, this increase in 
fat deposition did not occur when the second vaccination 
was given at 46 kg BW. The difference in fat deposition is 
expected as, irrespective of sex, heavier-BW pigs deposit 
less lean and the ratio of lean to fat decreases as BW in-
creases (Wagner et al., 1999). In a lifetime study of lean 
tissue and fat composition, Suster et al. (2006) found that 
lean tissue deposition increased up to 94 d of age and then 
plateaued, whereas fat deposition continued to increase.
In addition, the increased fat deposition associated 
with immunization against GnRF at heavy BW resulted 
in an increase in back fat. The majority of the increase 
in fat deposition of heavy-BW IC males also occurred 
from d 15 to 28 (that is, in the second 2-wk period after 
the second immunization against GnRF). Identifying 
the timing of the increase in carcass fatness of IC males 
may allow technologies that limit the increase in car-
cass fatness to be targeted to this time period.
The hypothesis that pigs immunized against 
GnRF that receive feed ad libitum will have an im-
proved growth rate and increased body fat composi-
tion compared to pigs that have a restricted feed intake 
was supported. Pigs fed ad libitum had an improved 
growth rate and increased body fat composition com-
pared to pigs that had a restricted feed intake. Pigs fed 
the diet ad libitum likely entered the energy-dependent 
stage when lean tissue deposition was maximized (as 
determined by the genetic potential of the pig) and ad-
ditional energy was deposited as fat (Campbell, 1988). 
These findings are supported by McMeekan (1940), 
who found that animals that had been on a high plane 
of nutrition until 16 wk of age and were then put on a 
low plane of nutrition had less bone and lean and more 
fat than those that remained on the high plane of nutri-
tion. Ramaekers et al. (1996) also found that restrict-
ing diets to 18 MJ ME above the daily energy require-
ment for maintenance resulted in an increase in lean 
and a decrease in fat. These results are also supported 
by Colpoys et al. (2016), who in a 7-wk study with 
gilts allowing the pigs access to the feeder either for 2 
periods of 1 h daily (2 times) or ad libitum found that 
the pigs fed ad libitum had an increased growth rate, 
increased feed intake (8%), and an increased fat and 
lean tissue accretion rate compared to those fed twice 
daily. Davies et al. (1980) found that pigs on a high 
Figure 4. Change in plasma testosterone concentration over 28 d after the second immunization against gonadotropin-releasing factor (GnRF) for (a) 
entire males and (b) immunocastrated males (n = 8).
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plane of nutrition had more fat than those on a low 
plane of nutrition. However, in contrast to our study, 
they found that on the low-plane diet the proportion 
of fat did not change for entire males, whereas for 
castrates it increased. This difference may be because 
physical castrates were used by Davies et al. (1980), 
whereas IC males were used in the present experiment.
One component of this experiment was the restriction 
of feed intake to elucidate the effect that immunization 
against GnRF has on the body composition and physio-
logical measures compared to the effect of increased feed 
intake. Restricting the feed intake to 2.5 times mainte-
nance adversely affected the ADG of IC males to a greater 
extent than entire males regardless of the BW when the 
second immunization against GnRF was administered. 
Probably, this was because the entire males had faster and 
leaner growth than IC males at a similar level of energy 
intake because they had a greater capacity for lean tissue 
growth (Campbell and Taverner, 1985).
In the restrictively fed compared to ad libitum fed 
IC males ADG was lower, and there was no difference 
in G:F. This concurs with the findings of Quiniou et 
al. (2012) with group-housed pigs that received their 
second immunization of GnRF at approximately 85 kg 
BW. In their experiment feed intake was restricted to 
2.5 or 2.75 kg/d, which equated to 15% and 22% lower 
feed intake at the end of the experiment than ad libitum 
fed pigs (3.2 kg/d) under a less severe feed restriction 
than in this experiment. Also, a different feed restric-
tion strategy was used by Quiniou et al. (2012), who 
restricted feed intake at a constant level, whereas in 
the current experiment restricted feed intake was based 
on metabolic BW. In contrast, Batorek et al. (2012) 
restricted individually housed IC males to 80% of the 
surgical castrate intake, which, over the period from 
second immunization against GnRF at approximately 
70 kg BW to slaughter, equated to 2.76 kg/d (35.8 MJ/d 
ME; compared to 3.11 kg/d [42.0 MJ/d ME] for entire 
males and 3.52 kg/d [47.5 MJ/d ME] for IC males fed 
ad libitum in this experiment). The feed restriction of 
the IC males resulted in an improved G:F with no ef-
fect of ADG compared to entire males (Batorek et al., 
2012). However, once again, the feed restriction was 
not as great as in the present experiment.
In the heavy-BW IC males fed ad libitum body fat 
increased by 40 g/d compared to those that had been 
restrictively fed. In comparison, Bauer et al. (2009) 
found that there was no increase in body fat after the 
second immunization against GnRF when pigs were 
fed 3 kg/d (40.5 MJ/d). However, there was no feed 
residue when the IC males were fed 3 kg, so perhaps 
body fat would have increased if the IC males had 
been fed ad libitum. When Bauer et al. (2009) restrict-
ed pigs to 2 kg/d (27 MJ/d), body fat decreased from 
15.2% to 6.1% after the second immunization against 
GnRF. The greater difference in body fat in Bauer et 
al. (2009) may be attributed to a more severe feed re-
striction compared to the current experiment, where 
feed intake over the 28-d period after the second im-
munization against GnRF was 2.32 kg/d (31.3 MJ/d).
There was no difference in lean meat deposition be-
tween pigs fed ad libitum and restrictively fed. This is 
in agreement with the results of Quiniou et al. (2012), 
who used an X-ray computed tomography scanner to 
measure the volumetric meat content in half carcasses. 
Back fat was reduced by between 1.0 and 1.6 mm in the 
restricted vs. ad libitum fed pigs in Quiniou et al. (2012). 
In comparison, back fat at the P2 site in the present ex-
periment was reduced by 3.1 mm for the heavy-BW IC 
males on restricted feed intake. The greater decrease in 
back fat possibly may be attributed once again to the 
more severe fed restriction in the present experiment.
Figure 5. Change in plasma IGF-1 concentration over 28 d after the second immunization against gonadotropin-releasing factor (GnRF) for (a) entire 
males and (b) immunocastrated males (n = 8).
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The contrasting results reported in the literature 
suggest that further work is required to investigate the 
effect of the level of feed restriction on fat deposition 
and feed efficiency in IC males. It is suggested that 
further work should investigate allowing the pigs ad 
libitum access to feed but possibly include ingredients 
in the diet known to decrease feed intake. This would 
thereby effectively restrict feed intake and may also 
reduce the negative impact that restricting feed has on 
aggressive behavior observed by Quiniou et al. (2012).
Typically, immunization against GnRF results in in-
creased feed intake (Cronin et al., 2003; Dunshea et al., 
2011). In this experiment IC males fed ad libitum ate 
more in the second 2 wk after the second vaccination, but 
an overall increase in feed intake was not observed for 
the entire period, possibly because the pigs were housed 
individually. Entire male pigs are likely to eat more in 
individual pens as they are not involved in fighting and 
riding behaviors (McCauley et al., 2003). Part of the ad-
ditional energy and protein resulting from the increase in 
feed intake in the second 2 wk after immunization against 
GnRF was likely deposited as fat, as shown by the asso-
ciated increase in fat deposition in the same period.
A meta-analysis of 19 data sets with group-housed 
pigs by Dunshea et al. (2013) found that immuniza-
tion against GnRF increased ADG by an average of 
119 g/d compared to that of entire males, but this in-
crease was not observed in the current experiment. 
McCauley et al. (2003) also found no difference in 
growth rate in individually housed pigs immunized 
against GnRF. As suggested for feed intake, the lack 
of a difference may be attributed to the pigs being in-
dividually housed.
The testosterone levels of IC males declined with-
in 7 d after the second immunization against GnRF, 
which concurs with the findings of Claus et al. (2007) 
and Bauer et al. (2008). The decrease in testosterone 
was maintained over the entire 28-d period.
Plasma urea nitrogen levels were elevated in IC 
males compared to entire males from d 7 after the sec-
ond immunization against GnRF. This was the case 
regardless of BW at the second immunization against 
GnRF or feeding level. This result is supported by 
Bauer et al. (2009), Huber et al. (2013), and Moore 
et al. (2016). The increase in PUN concentration is 
caused by the drop in anabolic hormones in IC male 
pigs, resulting in decreased nitrogen retention (Claus 
et al., 2007). It can also be partly attributed to the in-
crease in feed intake associated with IC males after the 
second immunization against GnRF (Dunshea et al., 
2013). The change in PUN levels over time in this ex-
periment provides further evidence that IC male pigs 
should be fed as entire males for 2 wk after the second 
immunization against GnRF when the standard ileal 
digestible level of lysine in the diet can be decreased, 
as suggested by Moore et al. (2016).
Growth hormone was lower for IC males than for 
entire male pigs for several time points, although by d 
28 there was no difference between IC males and entire 
males. In contrast, Metz and Claus (2003) found no dif-
ference in GH concentrations for the entire 7 wk after 
the second immunization against GnRF. Bauer et al. 
(2008) also found no difference in GH concentrations 
after the second immunization against GnRF. It is not 
known why GH was lower in IC males compared to en-
tire males at some time points after the second immuni-
zation against GnRF in the current experiment. Growth 
hormone also decreased over time, and this concurs 
with findings by Metz and Claus (2003) and reflects 
what happens normally in growing pigs (Chappel and 
Dunkin, 1975). Restrict feeding had no effect on GH 
concentrations compared to ad libitum feeding, and this 
Figure 6. Change in plasma growth hormone concentrations over 28 d after the second immunization against gonadotropin-releasing factor (GnRF) 
for (a) entire males and (b) immunocastrated males (n = 8).
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finding concurs with that of Bauer et al. (2009), who 
found no difference in GH concentrations if pigs im-
munized against GnRF were fed at either 2 or 3 kg/d.
Plasma IGF-1 concentrations were generally found 
to be lower in IC male pigs compared to entire male pigs 
from d 7 after the second immunization against GnRF 
onward. Claus et al. (2007) found that IGF-1 began to 
decrease after 5 d, and there was no further decrease be-
yond 10 d after the second immunization against GnRF. 
Although the sample was pooled from a 7-wk period after 
the second immunization against GnRF, Metz and Claus 
(2003) also found that IC males had lower IGF-1 con-
centrations compared to entire males after the second im-
munization against GnRF, whereas Batorek et al. (2012) 
found a reduced serum IGF-1 concentration when mea-
sured 24 d after the second immunization against GnRF. 
The decrease in IGF-1 is correlated with the decrease 
in estrogens and androgens associated with immuniza-
tion against GnRF (Metz et al., 2002; Claus et al., 2007). 
Pigs fed ad libitum had a greater IGF-1 concentration on 
d 7 and 28 than pigs fed restrictively. It was expected 
that the pigs fed ad libitum would have a greater IGF-1 
concentration on all days after the second immunization 
against GnRF because of the greater energy availability 
(Bauer et al., 2008), but it is not clear why this did not 
occur. The pigs were blood sampled prior to receiving 
their daily ration, and perhaps this may explain some of 
the unexpected differences observed. Bauer et al. (2009) 
found IC male pigs fed restrictively at 2 kg/d had 28% 
lower IGF-1 concentrations than those fed at 3 kg/d. The 
lower IGF-1 was associated with reduced weight gain 
and protein synthesis (Bauer et al., 2009).
Conclusions
We conclude the following from this experiment: 1) 
when pigs are immunized at a light BW (50 kg) and/or 
on a restricted diet, they have a reduced propensity to 
deposit fat; however, the restriction in feed intake ad-
versely affects growth rate. 2) The majority of fat depo-
sition for males immunized at heavy BW (80 kg) occurs 
from d 15 to 8 after the second immunization against 
GnRF. Further work is required to investigate the effect 
of a less severe feed restriction on body fat composition 
in group-housed pigs, perhaps through the inclusion of 
a dietary ingredient to limit feed intake.
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